Abstract An experimental study has been conducted on the promotion and control of turbulent thermal mixing of hot and cold airflows in a T-junction with rectangular cross sections, which simulates the HVAC unit for automobile air-conditioning system. In order to promote the turbulent thermal mixing, small jets have been blown into the main channel at the upstream edge of the T-junction in the direction of 45°against the main flow. Turbulence intensity in the upper part of the thermal mixing layer can be increased with these jets, and consequently the turbulent mixing of hot and cold airflows is promoted effectively. Moreover, it has been found that the degree of thermal mixing can be controlled by changing the jet velocity.
Introduction
A T-junction in which two fluids with different velocities, temperatures, and/or concentrations are mixed turbulently is encountered in various thermo-fluids equipment: e.g., chemical reactors, combustion chambers, piping systems in power plants [1] [2] [3] [4] [5] . One of the typical mixing T-junctions is found in the HVAC (Heating, Ventilating, Air-Conditioning) unit that is used for an automobile air-conditioning system [6] . A conceptual diagram of the automobile HVAC unit is presented in Fig. 1 , which contains a fan, an evaporator and a heater-core in a plastic housing. All air taken by the fan is once cooled to 5°C by the evaporator for dehumidification, and a part of this cold air is heated to 80°C by the heatercore. Due to the constraints of the heat-pump cycle and the engine coolant recirculation system, these temperatures of hot and cold airflows are usually fixed. Therefore, the temperature of air blown in the cabin is controlled by mixing them at appropriate flow-rate ratios, which are determined by the opening of the air-mix door that is located between two heat exchangers. Thus, in the mixing zone of the HVAC unit, hot and cold air impinges at nearly right angles at various velocity ratios. This situation can be modeled by the turbulent thermal mixing of hot and cold airflows in a T-junction with rectangular cross sections (Fig. 2) [7, 8] .
Nowadays the downsizing of the HVAC unit is an important problem in the automobile A/C system, and the promotion of mixing of hot and cold airflows is a key issue to achieve it. Moreover, it is required that the air temperature distribution in the cabin be controlled locally depending on the operation mode of the A/C system to increase the amenity of the cabin. Thus, not only the promotion but also the control of turbulent thermal mixing is required in the HVAC unit. With these points as background, we have made an experimental study on the promotion and control of turbulent thermal mixing of hot and cold air in the T-junction that simulates the mixing zone of the automobile HVAC unit. In this paper, at first, we describe the characteristics of the velocity and temperature fields in a standard T-junction without mixing promoters, and make clear the problems in promoting the thermal mixing. Then, based on those results, we propose a new method of mixing promotion/control that uses small jets as promoters, and demonstrate its effectiveness. initial temperature difference between the hot and cold flows=T h −T c t fluctuating temperature U, V, W time-averaged velocity components in the X-, Y-and Z-directions U 0 , V 0 bulk velocities in the main and the branch channels before the mixing U j velocity of jet u, v, w fluctuating velocity components in the X-, Y-and Z-directions u′, v′, w′ root-mean-square of u, v and w VR velocity ratio=V 0 /U 0 X, Y, Z coordinate system (see Fig. 2) 
